History
According to Michelson et al. [17] , the French word for pestle, ''pilon,'' was first used by É tienne Destot in 1911 as a metaphor for the mechanical function of the distal tibia on the talus. Subsequent descriptions of fractures of the tibial plafond adopted the term ''pilon'' to describe the explosive nature and axial compression mechanism of these injuries, in which the tibia acts as a pestle and is driven vertically into the talus [10, 21, 22] . Fractures of the tibial plafond commonly result from high-energy trauma with axial load, sometimes leading to severe bone loss and soft tissue injury [3, 5, 15] . They are relatively rare, accounting for 1% to 10% of lower leg or tibial fractures, but are substantial injuries that can result in persistent disability if not fixed properly. Many of these fractures leave the patient with persistent pain, limitations in ROM, and residual disability, especially when the fracture patterns involve severe articular comminution [18, 26, 30] . Complications after surgical treatment and inconsistency in achieving fracture union during the early half of the last century led many physicians to consider these fractures as ''not amenable to surgery'' [22] . As a result, patients had to live with the persistent disability.
One of the first pivotal shifts in the approach to treating pilon fractures came from the proposed techniques and results published by Rüedi and Allgöwer in 1968 [23] . They noted from previous studies that nonoperative treatment was likely to result in secondary joint displacement and worse outcomes. Rüedi and Allgöwer postulated that by adhering to strict aseptic technique and applying four operative stages, internal fixation of pilon fractures would result in the best-possible anatomic reconstruction. This staged principle was applied in a series of 84 comminuted pilon fractures in 82 patients [21] . Rüedi and Allgöwer's first step calls for restoration of the length of the fibula to assist in fracture reduction of the tibia. They noted that 60% of all cases involved a concomitant transverse or oblique fracture of the fibula. An initial approach to the tibia was possible in the remaining 40% of cases. The second step involves anatomic restoration of the distal articular surface of the tibia. They commented on the ''jigsaw puzzle'' nature of severely comminuted fractures in half of all patients and recommended using the talus as a guide to reconstruct the tibia. Next, autologous bone graft can be used to fill the metaphyseal bone defect and support the articular surface to prevent collapse. Finally, buttress plate fixation can be applied to the medial side of the tibia to prevent late-onset varus deformity.
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Although there are numerous modern techniques for pilon fixation, the concepts presented by Rüedi and Allgöwer still form the foundation of the surgical approach to these injuries [24, 30] . Furthermore, their contributions to the management of pilon fractures included not only surgical principles, but also the introduction of a classification system still widely used [26, 27] .
Purpose
Rüedi and Allgöwer reported the results from their original cohort with up to 9 years of followup and categorized the fracture patterns that would become the classification schema that bears their names [20, 22] . The fractures were categorized in three types based on articular displacement and the degree of comminution: Type I, intraarticular fracture with a nondisplaced articular surface; Type II, a fracture-dislocation with an incongruous joint; and Type III, a fracture with comminution of the distal tibia articular surface (Figs. 1, 2, 3) [22] . The original intended purpose of this classification system was primarily descriptive. Designing a simple system of describing the fracture pattern is critical in preoperative planning in the four-stage operative principle they had proposed. The severity of injury and its association with pain and functional outcomes were merely inferred. In early published reports, Rüedi and Allgöwer did not directly compare pain and tibiotalar joint motion among the three types of fracture patterns.
With time, the role of the classification system has expanded beyond comparison and descriptive purposes to determine prognosis and predict outcomes [13, 18, 26] .
Description of the Rü edi-Allgöwer Classification
Type I Rüedi-Allgöwer fractures (Fig. 1) are defined as ''cleavage fractures'' of the distal tibia without displacement [22] . Although the original classification did not specify the amount of displacement, a subsequent study considered displacement as greater than 2 mm of articular incongruity or greater than 10°malreduction in any plane [30] . This type comprises the lowest percentage of pilon fractures, representing approximately 5% to 33% of fractures across numerous studies [2, 4, 13, 22, 24, 26, 28, 30] . Type I fractures usually result from rotational injury with limited axial load [30] . Of the three types described under this system, only Type I fractures are associated with a high rate of satisfactory reduction using closed methods compared with Types II and III, largely owing to the lack of incongruity of the articular surface [18] .
Type II fractures ( Fig. 2 ) are characterized by moderate fracture-dislocation of the articular surface without comminution [22] . This is the second most common fracture pattern observed under this classification system, comprising approximately 21% to 45% of pilon fractures [2, 4, 13, 22, 24, 26, 28, 30] . Displacement of the articular surface in Type II fractures, resulting from a greater axial load mechanism compared with Type I fractures, generally calls for operative fixation to achieve joint congruency. Chen et al. [4] graded fewer excellent anatomic reductions during the immediate postoperative period for Type II fractures compared with Type I (36% versus 62%, respectively).
Type III fractures (Fig. 3 ), characterized by a high degree of comminution of the articular surface with impaction of the metaphysis, present the most challenging fractures to treat owing to the difficulty in achieving articular reduction and managing the soft tissue trauma [22] . This fracture pattern is the most commonly reported, representing approximately 25% to 71% of all pilon fractures in published studies [2-4, 13, 22, 24, 26, 28, 30] . The presence of comminution is indicative of an increased amount of axial load energy compared with Types I and II.
Validation
A good fracture classification system should provide a suitable description of the fractures to facilitate communication between surgeons, show adequate interobserver agreement, guide surgical decision-making, and offer a prognosis for pertinent outcomes in different groups of patients [8, 9, 19] . Several classification systems have been suggested for tibial pilon fractures; however, the Rüedi-Allgöwer classification and the Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic Trauma Association (AO/OTA) classification of long-bone fractures remain the two most commonly used today. Both of these systems attempt to depict the pattern and severity of the fracture.
Dirschl and Adams [8] first assessed the reliability of the Rüedi-Allgöwer classification among orthopaedic attendings and residents using AP or mortise and lateral radiographs. Twenty-five pilon fractures were reviewed and classified with and without the use of a binary decision tree composed of three yes or no questions meant to aid the observer in diagnosing the fracture type. The mean kappa values for the classification system and the modified binary system showed moderate reliability (0.43 and 0.35, respectively). Martin et al. [14] reported a similar kappa value (0.46) among six reviewers of variable experience when asked to classify 43 pilon fractures according to the Rüedi-Allgöwer system. In comparison, the interobserver agreement was greater for classifying fractures in the AO/ OTA types (kappa = 0.60). Other authors have reported reliability in ranking the severity of pilon fractures [7, 9] . When 69 orthopaedic surgeons were asked to rank the severity of a series of 10 pilon fractures on AP and lateral radiographs from 1 (least severe) to 10 (most severe), the intraclass correlation coefficient (ICC) was 0.62 [9] . In an earlier study, three orthopaedic trauma surgeons ranked 25 pilon fractures according to the severity of injury to the articular surface and severity of the overall fracture pattern, yielding ICC values of 0.94 and 0.89, respectively [7] . These high ICC values may be related to the small number of observers, but nevertheless highlight that pilon fracture characteristics vary on a continuum and are difficult to categorize based on classification schemes such as the Rüedi-Allgöwer system.
Advances in radiographic imaging with the advent of CT and three-dimensional reconstruction have improved the ability to discern fracture patterns with greater clarity, far beyond the simplistic descriptive capabilities afforded by the Rüedi-Allgöwer classification, making it less relevant today. Several studies have shown that categorizing pilon fractures into Rüedi-Allgöwer types based on CT does not reliably improve interobserver agreement. Topliss et al. [28] characterized a series of 126 pilon fractures to assess reproducibility on CT scans obtained before definitive fixation. The mean kappa values among five reviewers were 0.46 for the AO/OTA classification and 0.45 for the Rüedi-Allgöwer classification, showing an interobserver agreement on par with previous studies that relied on plain radiographs [8, 14] . They proposed a new classification system using coronal and sagittal CT assessment after initial external fixation to bring the fracture out to length. Based on fracture lines observed on CT, they grouped 10 types of pilon fractures into two families (sagittal and coronal), which they postulated can influence the choice of surgical approach and implant to optimize fixation. Under this classification, mean kappa values were 0.67 for the fracture family and 0.58 for the fracture type. In the aforementioned study by Martin et al. [14] , CT scans were available for 14 of the 43 fractures. For these 14 cases, interobserver agreement improved negligibly from the use of plain radiographs only (kappa = 0.52) to the addition of CT (kappa = 0.53). Ramappa et al. [19] found similar interobserver agreement on pilon fracture assessment on CT for the Rüedi-Allgöwer classification (kappa = 0.51), AO/OTA type (kappa = 0.57), and Topliss type (kappa = 0.44).
The lack of articular surface congruity in pilon fractures is predictive of outcomes. Quality of reduction, as graded on immediate postoperative radiographs, correlates with greater subjective pain and functional satisfaction, greater objective gait and motion outcomes, and lower rate of progressive osteoarthritis [4, 13, 18, 26, 30] . Types I and II fractures are comparable with respect to the rate of satisfactory clinical outcomes (87% versus 79%, respectively) [4] , defined on a 100-point scale for assessing ankle pain and function [16] . No pain with activity equates to 50 points. In addition, walking distance, support/orthosis requirement, ability to run, toe-raise, hill-climb, and stairclimb, presence of a limp or swelling, and ankle ROM also are evaluated. Teeny and Wiss [26] defined clinical outcomes as excellent ([ 92 points), good (87 to 92 points), fair (65 to 86 points), or poor (\ 65 points). In their series, Type III fractures resulted in a 13% rate of good to excellent outcomes compared with 37% for Types I and II fractures, owing to the increased difficulty in achieving adequate reduction of the comminuted fragments and maintaining stability of the fixation [26] . In a more recent series, despite advances in surgical technique, excellent results based on the 100-point scale were found in 15% of Type III fractures compared with 51% and 32% for Types I and II, respectively [4] .
Type III Rüedi-Allgöwer fractures historically have shown higher complication rates compared with Types I and II (70% versus 30%) [26] . The complications reported by Teeny and Wiss [26] , which included skin dehiscence, deep infections, malunion, and nonunion, were more common in Type III fractures compared with Types I and II fractures. The rate of reoperation was 60% for Type III fractures compared with 30% for Types I and II fractures. Type III fractures have been independently associated with worse functional outcomes; however, increased difficulty in achieving reduction and stable fixation compounds this issue [13] . When ankle ROM and functional outcomes were compared between fracture types in the AO/OTA classification, no association was found to suggest its effectiveness in predicting outcomes [6, 13] .
Limitations
As familiarity with a system increases, so too does interobserver agreement [19] . The greater than 40-year history of the Rüedi-Allgöwer system has made it one of the more familiar classifications in use. Systems with fewer branching divisions further reduce the amount of interobserver disagreement [19] . With only three fracture types, the Rüedi-Allgöwer classification is the simplest classification system available to characterize tibial pilon fractures; however, several limiting factors exist.
First, in the original series by Rüedi and Allgöwer, the majority of fractures were skiing injuries that resulted in low-energy rotational deformities of the distal tibia [21] . This mechanism of injury typically results in metaphyseal displacement, which is not directly addressed by this classification, leading to proposed modifications by Ovadia and Beals [18] and Kapukaya et al. [11] . Subsequent series conducted in large urban trauma centers focused on highenergy mechanisms of injury (motor vehicle accidents and falls from height) that resulted in direct axial compression and articular impaction fractures of the tibial plafond [4, 13, [24] [25] [26] 30] . The first surgical principle proposed by Rüedi and Allgöwer advocates for restoration of the fibular length, yet their classification system neither addresses the presence of a fibular fracture nor distinguishes malleolar fractures, which occur via different mechanisms.
Another drawback of the Rüedi-Allgöwer classification system is its limited ability to distinguish the location of articular fracture lines in comparison to the AO/OTA classification. It is the ''simple'' nature of the Rüedi-Allgöwer system that serves as a blessing and a curse. By limiting the number of subtypes, the Rüedi-Allgöwer classification differentiates fractures based on severity but either omits or oversimplifies the true nature of the fracture. Examples include extraarticular (AO/OTA Type 43-A) and partial articular fractures (AO/OTA Type 43-B) or fractures involving the metaphysis (AO/OTA Types 43-C1 and 43-C2) [10] . These differences in morphologic features of fractures may alter surgical planning; for example, partial articular fractures (AO/OTA Type 43-B) may require a medial buttress plate as advocated by the last of the four operative principles, but may not be necessary in all pilon fractures.
Along a similar line, Type III fractures show highly variable morphologic features but are considered a uniform group in this classification [11] . The amount and severity of comminution cannot be extrapolated under the Rüedi-Allgöwer classification [1] . Several studies have shown difficulty in identifying articular fragments on plain radiographs [1, 8, 19] ; therefore, grasping the complete clinical picture remains challenging. Soft tissue trauma is another major factor that is associated with a greater risk of deep infections, reoperations, and nonunion [11, 13, 15, 26, 27, 30] . High-energy axial load injuries usually are associated with severe soft tissue damage [28] . As understanding of this fracture has improved, treatment strategies also have evolved from the pioneering principles taught by Rüedi and Allgöwer. The high rates of wound dehiscence and deep infections historically in complex pilon fractures highlighted the importance of soft tissue handling [12, 26] . Wound complications occurred at much lower rates in the Rüedi-Allgöwer series [21, 22] compared with Type III fractures reported by Teeny and Wiss [26] and Kellam and Waddell [12] , indicating that the higherenergy of injury may correlate with greater soft tissue complications despite similar fracture types. This finding further limits this classification system as a prognostic tool. Staged treatment therefore is indicated for higher-energy complex pilon fractures to allow soft tissue swelling to abate. In a randomized study, Wyrsch et al. [30] reported lower rates of wound complications and infections with external fixation compared with open reduction and internal fixation. Using a staged protocol of definitive fixation approximately 2 weeks after initial external fixation, Sirkin et al. [25] reported a wound complication rate of 3% in closed fractures and 11% in open fractures.
The advent of CT scanning has further improved the ability to delineate complex pilon fracture patterns and further limited the usefulness of the radiograph-based Rüedi-Allgöwer classification for surgical planning. Tornetta and Gorup [29] assessed 22 pilon fractures using CT, which provided additional information and altered the surgical plan in 82% and 64% of fractures, respectively. Under the staged protocol, CT of the tibial plafond typically is performed after external fixation brings the fracture to length. The added information provided by CT and three-dimensional reconstruction can assist the treating surgeon to determine incisional approach, implant choice, and plate placement.
Conclusions
The Rüedi-Allgöwer classification, although not a perfect classification system, remains one of the most widely known classification systems for pilon fractures. Its clinical relevance in providing a thorough description of the fracture pattern is limited and pales in comparison to the more comprehensive AO/OTA classification. Given the complex nature of these fractures, it stands to reason that an allinclusive fracture classification system would be inherently complex. Because of its historical significance and familiarity, the Rüedi-Allgöwer classification may continue to serve a role in the initial treatment decision; however, the advent of CT evaluation and staged reconstruction of complex pilon fractures have limited the use of this classification.
